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Introduction

A adult male was referred for a second opinion of his retinal dystrophy. His prior genetic
testing identified an ABCA4 gene variant associated with Stargardt disease. He had an
affected younger brother, and the rest of his family was reported to be asymptomatic. He
wanted to know if he would qualify for any Stargardt gene or stem cell therapy trials.

Case Description

The adult male proband (111:A) experienced blurred central vision, nyctalopia, and
photophobia since childhood. His best-corrected visual acuity was 20/100 and 20/200
respectively. Fundus examination demonstrated a bull's eye maculopathy and peripapillary
atrophy (Figure 1). There was no intraretinal pigmentary migration, pisciform flecks, optic
disc pallor or retinal vessel attenuation. Fundus autofluorescence (AF) revealed a prominent
bull's eye pattern. Spectral domain optical coherence tomography (SD-OCT) showed foveal
thinning (Figure 2). These findings were not inconsistent with a cone dystrophy such as
Stargardt Group 1l disease.

To determine the genetic etiology, we performed whole exome sequencing and confirmed a
heterozygous encoding mutation (rs1800548, p.E471K) in the ABCA4 gene associated with
Stargardt disease. No other pathogenic ABCA4 alleles or deletions were identified.
Examination of all other retinal dystrophy genes[1] in the exome sequence only identified a
novel mutation in the RPGR gene (c.3070G>T, pGlu1024X, OMIM #312610). Located in
the open reading frame-15 domain, this RPGR variant was confirmed by Sanger sequencing
and was absent from public exome databases. This gene mutation was consistent with a
diagnosis of X-linked retinitis pigmentosa (XLRP) rather than Stargardt disease.

Because the family had not previously been examined together, efforts were made to gather
and examine the family together. Another adult brother (111:B) did not show any signs of

Corresponding Author/Reprint Requests: Vinit B. Mahajan, M.D., Ph.D., Department of Ophthalmology and Visual Sciences, The
University of lowa, 200 Hawkins Drive, lowa City, IA, 52242. Phone: 319-467-5151. Fax: 319-356-0363. mahajanlab@gmail.com.

Financial Disclosure: None.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bassuk et al.

Page 2

retinal degeneration. The youngest adult brother (I11:C), however, had similar symptoms to
the proband with reduced visual acuity measuring 20/50, bull's eye maculopathy, and
unremarkable peripheral fundus findings (Figure 1). The ERG findings of the proband and
his affected brother were consistent with generalized retinal dysfunction affecting cones
(Figure 2) but sparing the rods.

The mother (11:B) was asymptomatic. She reported her father (I:A) had some late vision
problems. Her visual acuity measured 20/125 and 20/30, respectively. Her exam showed
minimal pigmentary changes in the right fovea corresponding to a bull's eye pattern on FA
(Figure 1). Her left fovea appeared normal. A bilateral tapetal reflex was highlighted with
red-free imaging. This radial pattern of hyperreflectance is characteristic of female carriers
in XLRP. Her ERG was consistent with cone dysfunction in a XLRP carrier (Figure 2), and
the pedigree was consistent with XLRP. Further genetic testing confirmed the p.E1014X
RPGR mutation in only the affected family members.

Discussion

This case emphasizes several important issues in the precise diagnosis of retinal dystrophies
Unbiased whole exome sequencing allowed simultaneous testing of several genes and
identified a novel variant in the RPGR gene, despite the previous incorrect clinical
diagnosis.[2] Even without advanced genetic testing, an accurate pedigree revealing an X-
linked pattern could be recognized, if all family members were examined. It is essential to
include asymptomatic parents and children in the evaluation. AF imaging and SC-OCT may
detect subtle retinal changes that identify mildly affected family members comparable to
ERG.[3 4] ABCA4 is a highly polymorphic gene, and it is not uncommon to identify a single
disease-associated allele in normal patients and no second allele in clinically diagnosed
Stargardt patients.[5] Testing affected men for XLRP genes can be high-yield in cone-rod
dystrophy cases.[6] An accurate genetic diagnosis is critical for patient counseling and
admission into therapeutic trials for Stargardt and XLRP patients.
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Figure 1. Clinical Imaging
A-F. Proband (111:1). Color fundus images showed perifoveal pigment atrophy in a bull's

eye pattern that was pronounced in autofluorescent imaging. SDOCT revealed foveal
thinning (arrows), loss of outer plexiform layer, ellipsoid and interdigitation line in both
eyes with preservation of this structure outside macular. G-L. Affected Brother (111:3). A
similar bull's eye pattern with marked RPE atrophy was also observed in color fundus,
autofluorescent, and SD-OCT images. M- T. Manifest carrier (11:2). Fundus images
showed minimal RPE alteration in her right fovea and a normal appearance in her left. AF
revealed a Bull's eye pattern with peripapillary atrophy in her right eye. The left eye
appeared normal. A minimal hyperautofluorescent patch was observed in the temporal
macula of both eyes. This corresponded to a prominent tapetal reflex (arrow) on red free
imaging with a radial pattern of hyperreflectance in the posterior and middle periphery. U.
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The pedigree was consistent with an x-linked inheritance pattern. The proband is indicated
with an arrow. Black symbols represent clinically affected subjects with a Bull's eye pattern
from cone dystrophy. Open symbols represent unaffected subjects. The carrier subject is
shown with a smaller black symbol inside an open symbol. Deceased individuals are marked
by a slash. (RPE - retinal pigment atrophy; SD-OCT spectral domain OCT.)
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Figure 2. Visual Function
A. Electroretinography. Replicated dual ERG tracing of the proband, affected brother, and

mother (manifest carrier) were compared to a normal subject. The traces showed implicit
time delays and amplitude reduction in the cone system with a relatively normal rod system.
The carrier female ERG showed asymmetry where the right eye was more affected and
corresponded with the fundus findings. B — E. Goldmann visual fields. Visual field testing
showed that both the proband (B, C) and the affected brother (D, E) had central scotomas
with a small island of preservation inside central scotoma of both eyes. Minimal visual field
constrictions were also noted in both patients.
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